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In the paper monthly realized moments for stock market returns for the
US, the UK, Germany and Japan are employed to assess the linkages hold-
ing across moments and markets over the period 1973-2004. In the light
of the theoretical framework proposed in the paper, the results point to
a progressive integration of the four stock markets, leading to increasing
comovements in prices, returns, volatility and correlation. Evidence of a
positive and non spurious linkage between volatility and correlation, and a
trend increase in correlation coeﬃcients over time, is also found. All the
above mentioned linkages seem to be particularly strong for the US and
Europe, while the persistent stagnation of the economy and the weak fun-
damentals over the 1990s may have been the cause of the more idiosyncratic
behavior of the Japanese stock market.
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This paper is an empirical assessment of various aspects regarding interconnections
among the largest world stock markets, that is the United States, the United
Kingdom, Japan and Germany. Many papers have contributed to the debate on
the interdependence across international stock markets, considering issues such as
volatility spillovers, correlation breakdowns, trends in correlation patterns.
This debate is important under diﬀe r e n tp o i n t so fv i e w .F i r s t l y ,t h eg a i n sa n d
motivations of international diversiﬁcation rely on low correlations across inter-
national stock markets. Financial markets integration could have eroded much
of the gains from international diversiﬁcation by making market to comove more
closely and enhancing spillovers. Secondly, strong comovements in extreme market
realizations may increase the risk of global ﬁnancial instability, with local mar-
ket disruptions quickly spreading across countries, independently of fundamental
dynamics.
Among the many interesting elements, two deserve particular attention, that
is the association between correlation and volatility and the existence of an in-
creasing trend among correlation coeﬃcients. Bennet and Kelleher (1988), Von
Furstenberg and Jeon (1989), Bertero and Mayer (1990) and Longin and Solnik
(1995), for instance, have found evidence of instability in the correlation patterns
characterizing international stock markets, with both volatility and correlation
increasing in correspondence of the October 1987 stock market crash, and cor-
relation remaining higher afterwards, also when volatility reverted to pre-crash
levels. A positive linkage between correlation and volatility is also documented
by King et al., 1994; Karolyi and Stulz, 1996; Solnik et al., 1996; Ramachand and
Susmel, 1998; Ang and Bekaert, 1999; Rockinger and Jondeau, 2001; Ball and
Touros, 2000; Morana and Beltratti (2002). The results of most of these studies
are robust to the upward sample selection bias aﬀecting the computation of the
correlation coeﬃcient pointed out by Ronn et al. (2000), Forbes and Rigobon
(1999), and Boyer et al. (1999), suggesting a non spurious positive association
between stock market volatility and correlation.
Solnik et al. (1996) and Longin and Solnik (1995) have also documented the
presence of an increasing trend in the correlation coeﬃcients for international stock
markets over the period 1958-1985, which, according to Rockinger and Jondeau
(2001), after 1995 would have stabilized at higher levels for European markets,
and decreased for pairs including the US and Japanese markets. Similar evidence
has also been provided by Bekaert et al. (2005). Hence, albeit international stock
2markets would have undergone a progressive integration, the evidence would still
favour the existence of three regional groups, i.e. the US, Europe and Paciﬁc
Basin, rather than a single world market (Engle and Susmel, 1993; Groenen and
Franses, 2000).
In this paper the empirical evidence on the linkages across international stock
markets has been further assessed following a diﬀerent approach from the one
previously employed in the literature. The original contributions of the paper are
as follows. Firstly, monthly realized variance and correlation processes for the
four major international stock market indices, namely the US, the UK, Japan
and Germany, are employed. The use of realized moments allows a more precise
measurement of the features under investigation. Secondly, a uniﬁed assessment
of the linkages across moments and countries is carried out by means of a common
factor model, granting that the linkages uncovered are not spurious. Moreover, not
only the existence of common factors across countries and realized moments has
been assessed, but also how the importance of these factors has changed over time.
The sample (1973 - 2004) allows for such a thorough assessment, encompassing
several key episodes of market turmoil, as for instance the oil price shocks of 1973
and 1981, the stock market crashes of 1987 and 2000, the two Gulf Wars, the 1997
East Asian crises, the 1994 Mexican peso collapse, the Russian and LTCM crises.
Moreover, by using a larger sample than the one employed in previous studies, up
to date evidence concerning trend comovements in prices, returns and volatility,
comovements and trend dynamics in correlation processes, and comovements in
volatility and correlation processes, is provided, also concerning the last decade
of data, which has not been explored so far. Finally, a theoretical framework has
been introduced to explain the eﬀects of markets integration on ﬁrst and higher
return moments. It is shown that market integration leads to an increase in return
correlations and in the comovement of return correlations, to a positive linkage
between volatility and return correlation, and to an increase in the comovement
in volatilities.
The main ﬁndings of the study are as follows. Evidence of strong linkages
across stock markets, involving comovements in prices, returns and volatility, is
found. Moreover, evidence of a trend increase in the correlation coeﬃcients over
the full time span analyzed, and that the positive linkage between volatility and
correlation is robust and non spurious, holding for both bear and bull markets,
is also found. All the above mentioned ﬁndings are rationalized in terms of the
eﬀects of ﬁnancial and economic integration and fully coherent with the theoretical
framework developed in the paper. Linkages across stock markets seem to have in
3general grown stronger over time, particularly for the US and Europe, while the
more idiosyncratic behavior detected for Japan over the 1990s suggests that local
factors, i.e. weak fundamentals, may still dominate, over speciﬁcp e r i o d so ft i m e ,
the trend dynamics generated by globalization and market integration. While the
results are still coherent with the evidence of three separate geographic areas for
international stock markets, i.e. Europe, the US and the Paciﬁc Basin, the results
also show that the heterogeneity between Europe and the US has steadily reduced
over time, being the two markets currently strongly integrated.
After this introduction the paper is organized as follows. In section two the
data and the construction of the realized processes are discussed. In section three
the econometric methodology employed in the paper is introduced. In section four
the empirical results are presented. Finally, in section ﬁve conclusions are drawn.
2. Theoretical arguments
Assuming away for simplicity the existence of currencies, consider three stock
markets (x,y,z)w h o s e( l o g )r e t u r n s( rjt) are measured on the basis of a one
factor (Ft)m o d e l
rjt = Et−1 [rjt]+βjtFt + εjt,j = x,y,z,




j, C [εit,ε jt]=0 , βjt = Ct−1 [rjt,F t]/Vt−1 [Ft], for j = x,y,z.1 By
cumulating the ith return process, it is also found that
pjt = pj0 +
t X
s=1
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where pjt i st h el o gp r i c ei n d e xf o rt h eg e n e r i ca s s e ta tt i m ep e r i o dt.









1The conditional mean, variance, covariance, and correlation are denoted as Et−1 [·], Vt−1 [·],
Ct−1 [·,·] and ρt−1 [·,·], respectively. The corresponding unconditional moments are denoted as
E [·], V [·],a n dC [·,·], respectively.
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js j = x,y,z,
where “∗”i sa d d e dt ot h ev a r i a b l e si nt h ee q u a t i o n st od e n o t et h ec a s eo fn o
integration, in order to better distinguish the two cases in the discussion which
follows.
In this case the conditional CAPM, see Merton (1973), suggests that condi-











for j = x,y,z, where the proportionality coeﬃcient is assumed to be equal across
markets, due to homogeneous coeﬃcients of risk aversion.










j = x,y,z and all the conditional covariances and correlations between returns


















j = x,y,z .
Consider now the general case of perfect market integration. In this case the
risk premium is proportional to the volatility of the non-diversiﬁable risk factor
Et−1 [rjt]=γβjtσFt, (2.4)



























5Hence, even after capital market integration is achieved, the equations clarify
that changes in the volatilities of market returns and correlations among returns
may be due to (i) shocks to conditional betas, (ii) shocks to volatilities of non-
diversiﬁable factors and of idiosyncratic factors. Yet, a dominant role for global
rather than for idiosyncratic shocks may be expected. The key implications of
capital market integration are as follows.
Firstly, the conditional expected returns are likely to drop if the volatility of
the non-diversiﬁable risk factor is lower than the volatility of the idiosyncratic risk
factors and the betas are not too high. This follows by comparing (2.1) and (2.4).















Et−1[rxt] > 1 if σ∗
xt >β xtσFt.
Moreover, the common dynamics determined by the returns factor, i.e. βjtFt,




βjsFs aﬀects the log price index for the various markets.
Secondly, the proportion of non-diversiﬁable risk over total risk is likely to in-
crease, while the proportion of idiosyncratic risk is likely to decrease. For instance,


























Thirdly, while the total eﬀect on conditional volatility is ambiguous2,c o m o v e -
ment in volatility across markets is likely to increase due to the increased impor-









2The level of stock market volatility may be fully idependent of the forces driving market
integration and explained, for instance, by macroeconomic factors. See Beltratti and Morana
(2006).
6j = x,y,z, i.e., as the contribution of the idiosyncratic components tends to
disappear, the global volatility factor becomes the source of volatility ﬂuctuations.
Fourthly, the correlation coeﬃcient also increases if, for each pair, the betas
have the same sign. By comparing (2.6) and (2.3), for instance, for asset i and j
it is found
























Fifthly, a positive relationship between volatility and correlation can be noted.
In fact, by computing the derivative of ρt−1 [ri,t,r j,t] with respect to σ2




























i,j = x,y,z,i fβitβjt > 0.


































i,j = x,y,z, respectively, if βitβjt > 0.
Hence, the correlation coeﬃcient would tend to increase with the volatility
of the common factor and to decrease with the volatility of the idiosyncratic
components.
Finally, comovements in conditional correlations may increase due to a domi-
nant common volatility factor. In fact, from (2.7), after simple algebra it is found
































ρt−1 [rit,r jt]=1 .
While the above discussion has been carried out considering the eﬀects of ﬁ-
nancial markets integration, the eﬀects of economic integration on stock markets
dynamics should be considered as well. As a number of recent paper has provided
evidence in favour of the existence of global factors in the world business cycle,
with close interactions shown particularly by G-7 countries (see for instance Kose
et al., in press; Canova and de Nicolò, 2003; Pesaran et al. 2004; Bagliano and
Morana, 2006), it may be expected that common dynamics in international stock
markets may also be related to common dynamics in fundamentals. In this light,
many channels can be assumed, as for instance the linkage between economic
activity and cash ﬂows, and the existence of common dynamics in international
interest rates and inﬂation rates. Moreover, the empirical evidence (see for in-
stance Phylaktis and Ravazzolo, 2002) also suggests that ﬁnancial and economic
integration are closely related, the latter providing a channel for the former as well.
Therefore, economic integration provides a further explanation for comovements
in international stock markets.
3. The data
Following Andersen et al. (2001) and Barndorﬀ-Nielsen and Shephard (2002), as-
sume that the log M×1 vector price process, pt, follows a multivariate continuous-
time stochastic volatility diﬀusion
dpt = µtdt + ΩtdWt,
8where Wt denotes a standard M-dimensional Brownian motion process, and both
the processes for the M × M positive deﬁnite diﬀusion matrix Ωt and the M-
dimensional instantaneous drift µt are strictly stationary and jointly independent
of the Wt process.
Then conditional on the sample path realization of Ωt and µt, the distribution
of the continuously compounded h-period return

















c a nb ee m p l o y e da sam e a s u r eo fm u l t i v a r i a t ev o l a t i l i t y .












i.e. the realized variance covariance matrix estimator is a consistent estimator, in
the frequency of sampling (∆ → 0), of the integrated variance covariance matrix.
Moreover, it is also possible to write












































i.e. the realized correlation matrix estimator is a consistent estimator, in the
frequency of sampling (∆ → 0), of the integrated correlation matrix. Moreover,
as shown by Barndorﬀ-Nielsen and Shephard (2002), the above estimators also
have Gaussian feasible limiting distributions.
On the basis of the above results, monthly realized variance (ˆ Ω(ii),t), covari-



























where ri,j,t is the return on asset i at daily observation j for month t and M is
the number of trading days in the month, ranging from 20 to 23 depending on the
month. Only for the computation of the realized correlation process weekly returns
have been used, in order to account for non overlapping trading periods. Evidence
from Beltratti and Morana (in press), however, suggests that the monthly realized
variance estimator computed using daily or weakly returns is not signiﬁcantly
aﬀected by observational noise.
Data Stream stock price indexes have been employed for four countries, namely
Germany, Japan, the US, and the UK, yielding a total of 14 processes. The time
sample analyzed is from 1/01/1973 through 30/04/2004, for a total of 8175 daily
observations and 376 monthly observations.
From the summary statistics for the monthly series analyzed some stylized
facts can be noted. Firstly, the mean return is positive for all the countries,
10being highest for the UK (0.68) and lowest for Japan (0.35). Skewness is negative
for all the countries apart from the UK, while excess kurtosis is positive, and
particularly strong for the UK. Secondly, coherent with the presence of outliers in
returns, realized variances show a large range of variation (0.8 - 692). Diﬀerently
from returns, realized variances also show strong serial correlation, ﬁnding which
is coherent with the long memory property generally detected in empirical studies.
The strong deviation from normality is expected, being the variance process always
positive. Thirdly, the correlation coeﬃcients show a large range of variation (-0.97
- 0.99), with the average correlation coeﬃcient ranging between 0.26 and 0.42. In
general, correlations involving Japanese market returns tend to be lower than the
ones involving European and US market returns. Interestingly, according to the
Ljung-Box test, also the correlation coeﬃcients show strong persistence (in four
out of six cases).
4. Econometric methodology
Consider the dependent vector process yt of dimension N×1. Principal component
analysis (PCA) decomposes the variance-covariance matrix Σy as
Σy = AΛA
0
where Λ is the diagonal matrix of the eigenvalues of the variance-covariance ma-
trix, and A is the matrix of the associated orthogonal eigenvectors. The principal






and the associated eigenvalues measure the variance of each principal component.
The proportion of total variance accounted by the j-th principal component is then
πj = Λj/
P
s Λs,w h e r eΛj is the j-th element on the main diagonal of the matrix
Λ. On the other hand, the proportion of variance of the i- t hv a r i a b l ea c c o u n t e db y




ijΛj),w h e r e
aij is the ijth entry in the A matrix. By sub sample estimation it is possible
to monitor how the proportion of total variance πj and πi,j have changed over
time, allowing to assess whether the degree of comovement across processes has
increased or decreased over time.
If there are common unobserved components, the variance-covariance matrix
Σy is of reduced rank, and therefore not all the eigenvalues are larger than zero.
11The number of common factors is then given by the number of non zero eigen-
values collected in the matrix Λ, say k. By denoting the standardized principal








where Λ∗ is the k ×k sub matrix containing the non zero eigenvalues and A∗ the
N × k matrix of the associated eigenvectors, the model may then be rewritten in
terms of the common factor representation
yt = Θµ
++
t + εt, (4.1)
where Θ = A∗Λ
1/2
∗ is the N ×k factor loading matrices and εt is an N ×1 vector
of idiosyncratic components.
Recent theoretical developments of Bai (2004, 2003), Bai and Ng (2001) have
justiﬁed the use of the PCA estimator also for dependent processes. In particular,
Bai (2003) has considered the generalization of PCA to the case in which the series
are weakly dependent processes, establishing consistency and asymptotic normal-
ity when both the unobserved factors and idiosyncratic components show limited
serial correlation, also allowing for heteroschedasticity in both the time and cross
section dimension in the idiosyncratic components. In Bai (2004) consistency and
asymptotic normality has been derived for the case of I(1) unobserved factors and
I(0) idiosyncratic components, also in the presence of heteroschedasticity in both
the time and cross section dimension in the idiosyncratic components. Finally, Bai
and Ng (2001) have established consistency also for the case of I(1) idiosyncratic
components. As pointed out by Bai and Ng (2001) consistent estimation should
also be achieved by PCA in the intermediate case represented by long memory
processes, which is the relevant case for some of the processes analyzed in the
paper. Monte Carlo evidence that the performance of the principal components
approach is indeed not aﬀected by the presence of long memory, being also robust
to the presence of moderate noise, is provided in the Appendix.
5. Empirical results
International stock market linkages have been considered under several dimen-
sions. Firstly, the existence of linkages across returns has been investigated. Co-
herent with the progressive integration of international stock markets and the
12globalization process, the aim of this former exercise is to assess whether global
factors can be identiﬁed and their relative importance in determining stock mar-
kets dynamics. Secondly, the existence of linkages across volatility processes has
been assessed. In a risk based interpretation, comovements in volatility reveal
that market risk follows similar dynamics across countries. When one or more
persistent common factors can be detected in a set of volatility processes, there
exist linear combinations of the processes, and hence portfolios, characterized by
lower persistence in volatility, that should be preferred by investors. The eﬀects of
the progressive integration of international stock markets should also be reﬂected
in the dynamics of the conditional correlation process. In fact, market integration
should lead to an increase in conditional correlations over time, feature which
should be common across correlation processes and that cannot be assessed by
analyzing returns directly. Hence, as a third step the analysis of the correlation
processes has been carried out. Next the presence of linkages between correlation
and volatility has been assessed. Both the dominance of global factors and con-
tagion can explain the presence of such a relationship. It is important to assess
the strength and robustness of this linkage, also in the light of the persistence
detected in these processes and the implications that this phenomenon may have
for forecasting. In all the cases the analysis has been carried out over the period
1973-2004. Moreover, in order to assess whether the strength of comovements
has changed over time, the analysis has also been repeated for three sub samples,
namely 1973-1982, 1983-1992, 1993-2004.
5.1. Linkages in returns and prices
The system analyzed is composed of the return processes for the four countries






where rt is a 4×1 vector of returns, µr
t is a k×1 vector of common factors, with k ≤
4, and εr
t is a 4×1 vector of idiosyncratic components. Time variation in the 4×k
factor loading matrix Θr is assessed by means of the sub sample analysis, while Θr
is assumed constant when estimation is performed using the full sample. Since the
the common factors are the standardized principal components µr
t = Λ−1/2A
0rt,
the relevance of each factor can be measured by the contribution provided by
13each factor to the explanation of total variance, i.e. by the associated eigenvalue.
Moreover, its relevance can also be assessed on the basis of the proportion of the
variance of each return process explained by the factor.3
T h er e s u l t sa r er e p o r t e di nT a b l e1 ,P a n e lA .A si ss h o w ni nt h eT a b l e ,t h e
results are clear-cut, pointing to the presence of a dominant global factor over
the period 1973-2004, explaining about 60% of total variance. This latter factor
accounts for 61% of variance for Germany, 65% for the US, 74% for the UK and
only 38% for Japan. The remaining three factors are idiosyncratic, the second
accounting for 60% of variance for Japan, and the third and fourth accounting for
37% and 32% of variance for Germany and the US, respectively.
As pointed out by the sub sample analysis, the lower proportion of variance
explained by the ﬁrst factor for Japan, i.e. the stronger idiosyncratic component,
is coherent with the diﬀerent dynamics of economic fundamentals in the various
countries over the 1990s, with stagnation aﬀecting the Japanese economy only.4
In fact, while for the 1970s the evidence in favour of the presence of a single
dominant factor is weak, in the 1980s the evidence of a global factor is clear-cut.
The dominant global factor explains 60% of the variance for Germany, 63% for
the US, 72% for the UK and 52% for Japan. Over the 1990s this latter proportion
falls to 36%, while for the other countries the ﬁgures increase to 85% for Germany
and 76% for the US and the UK. Hence, the ﬁndings are coherent with previous
results pointing to separate geographic areas for international stock markets, i.e
the US, Europe and the Paciﬁc Basin, albeit the US and European markets appear
to have comoved very closely over the last decade. On the other hand, a stronger
idiosyncratic behavior can be detected for the Japanese market. As pointed out by
the sub sample analysis, the ﬁndings show that in the last decade the integration of
international stock markets has progressed for the US and European markets, but
not for Japan. Hence, country fundamentals for Japan have dominated the trend
dynamics generated by globalization over the time period investigated. Since, as
shown in the methodological framework, returns dynamics determined by common
factors should imply comovements also in stock prices, the analysis has been
repeated considering the log price indexes for the four stock markets. Hence, the
common factor model can be written as
3See the methodological section.







where pt is a 4 × 1 vector of log stock market index prices, µ
p
t is a k × 1 vector
of common factors, with k ≤ 4, ε
p
t is a 4 × 1 vector of idiosyncratic components,
and Θp is a 4 × k factor loading matrix.
Coherent with the above results, the same pattern detected for returns can also
be found for log prices, providing further support to the results of comovement
in international stock markets.5 A l s oi nt h el i g h to ft h ee v i d e n c ei nf a v o u ro f
economic integration, we do not think that the observed features may be fully
accounted by transitory dynamics, as on the other hand pointed out by Brooks
and del Negro (2004).
5.2. Linkages in conditional variance
The system analyzed is composed of the log variance processes for the four coun-
tries. The analysis has been carried out on the log variance processes rather than
on the variance processes to mitigate the impact of outlying observations (volatil-
ity blips) on the estimates, also in the light of the better asymptotic properties of










t is a 4 × 1 vector of realized log variances, µσ
t is a k × 1 vector of
common factors, with k ≤ 4, εσ
t is a 4×1 vector of idiosyncratic components, and
Θσ is a 4 × k factor loading matrix.
As is shown in Table 1, Panel B, over the period 1973-2004 the bulk of total
variance (82%) is explained by the ﬁrst two factors (60% and 22%, respectively),
which according to the variance decomposition can be interpreted as global factors.
In fact, the ﬁr s tf a c t o re x p l a i n s6 0 %o ft h ev a r i a n c ef o rJ a p a na n dt h eU S ,7 6 %o f
the variance for Germany, and 37% of the variance for the UK. Additional 34%,
19% and 30% of the variance are explained by the second factor for the Japan, the
US and the UK, respectively. On the other hand, the second factor does not aﬀect
the German stock market. Finally, the last two factors appear to be idiosyncratic,
aﬀecting the European market and the US market, respectively. The evidence
5For reason of space we do not include detailed results for the log prices, which are available
upon request from the authors.
15provided by the sub sample analysis points to two factors explaining about 80%
of total variance for the former two periods, while for the latter period is the ﬁrst
factor to account alone for 80% of the total variance.
The interpretation of the factors is also clear-cut. In fact, while the ﬁrst
factor bears the interpretation of global factor independently of the sub sample
investigated, the second factor captures idiosyncratic dynamics in the various
countries, and it is interpretable as Japanese factor for the most recent sub sample.
This ﬁnding is coherent with the results provided by the analysis carried out
on returns, pointing to the protracted stagnation of the Japanese economy over
the 1990s as the explanation for the more idiosyncratic behavior shown by the
Japanese stock market. As is shown in the Table, the strength of the comovement
across European and US markets in the most recent sub period is impressive, with
the ﬁrst factor accounting for about 90% of variance for Germany and the UK
and about 80% for the US. On the other hand, the percentage of variance falls
to 41% for Japan, for which the second factor accounts for an additional 57% of
variance.
5.3. Linkages in conditional correlations
The system analyzed consists of the six correlation processes that can be com-
puted among the four markets in the sample. The common factor model for the






where ρt is a 6 × 1 vector of stock market index prices, µ
ρ
t is a k × 1 vector of
common factors, with k ≤ 6, ε
ρ
t is a 6 × 1 vector of idiosyncratic components,
and Θρ is a 6 × k factor loading matrix. The results of the PCA analysis are
reported in Table 2. As is shown in the Table, the results for the period 1973-
2004 point to the presence of a dominant factor driving the correlation processes.
This factor explains about 42% of total variance. The factor also explains between
45% and 51% of the variance of the correlations involving Germany, and between
33% and 40% of the variance of the correlations excluding Germany. The second
factor bears the interpretation of global factor as well, aﬀecting all the correlation
processes, albeit to a lower extent relatively to the ﬁrst factor. In fact, the second
factor accounts for about 20% of total variance, with the proportion of explained
variance for the various processes falling in the range 10%-29%.
16As is shown in Figure 1, coherent with the eﬀects of markets integration,
the ﬁrst factor accounts for the trend increase in correlations over time, with
the second factor also contributing to it since the beginning of the 1990s. The
process of integration, as measured by the trend increase in the dominant global
factor, however does not appear to have been monotonic, given the break in the
level, but not in the slope, occurred in 1985. The remaining four factors appear
to be idiosyncratic, in none of the cases each one aﬀecting all the series and
never explaining more than 12% of total variance. In particular, the third factor
accounts for about 34% of the US-UK correlation, also aﬀecting the Germany-
US (15%) and Japan-UK (14%) correlations at a lower extent; the fourth factor
explains between 11% and 19% of all the correlations apart from the Germany-
Japan and Germany-US ones; the ﬁfth factor accounts for 26% of the Germany-
Japan correlation and 17% of the Japan-US correlation; ﬁnally, the sixth factor
accounts for about 21% of the variance of the Germany-Japan correlation and
10% of the UK-Japan correlation.
The sub sample analysis points to some instability in the overall linkages.
While the evidence of a global factor is robust across sub samples, the results
point to an increasing comovement in the correlation coeﬃcients over time. In
fact, in the 1970s the ﬁrst factor explains only about 32% of total variance and
all the remaining factors appear to be idiosyncratic. On the other hand, in the
1980s the ﬁrst factor accounts for about 38% of total variance, with the second
factor aﬀecting ﬁve correlations out of six. Finally, in the 1990s the ﬁrst factor
accounts for about 50% of total variance, with the ﬁrst and second factors jointly
accounting between 47% and 87% of the variance of the various processes.
5.4. Linkages between correlation and volatility
The existence of linkages between correlation and volatility has been assessed
by means of trivariate models, composed of the log variance processes and the
correlation coeﬃcient for each pair of countries. The common factor model can










t is a 3×1 vector composed of the realized log variances for the generic
assets x and y and of the realized correlation for the two assets, µ
ϕxy
t is a k × 1
vector of common factors, with k ≤ 3, ε
ϕxy
t is a 3 × 1 vector of idiosyncratic
components, and Θϕxy is a 3 × k factor loading matrix.
17The results are reported in Table 3. As is shown in the Table, the ﬁndings
point to a single dominant factor over the period 1973-2004, explaining between
43% and 60% of total variance. The factor bears the interpretation of volatil-
ity factor, explaining the bulk of volatility ﬂuctuations (between 45% and 78%).
This latter factor also has a non negligible impact on the correlation coeﬃcient,
explaining a proportion of its variance ranging between 26% and 36%. The re-
maining two factors are idiosyncratic, the former explaining between 27% and
32% of total variance and mostly aﬀecting the correlation coeﬃcient (61% - 72%),
the latter explaining between 12% and 21% of total variance and aﬀecting the
volatility processes (16% - 46%). The sub sample analysis suggests some insta-
bility in the results, pointing to the 1990s as the period in which the impact of
volatility on correlation has been in general strongest and to the 1980s as the
period in which the impact has been weakest.6 In Figure 1 the smoothed real-
ized correlation processes are plotted with the corresponding smoothed volatility
factors. As is shown in the plot, the linkage between volatility and correlation is
positive and particularly strong for the European and US markets. Moreover, the
linkage between the two processes seems to hold both when volatility increases or
falls. Hence, the ﬁndings point to a non spurious and robust relationship relating
correlation and volatility.
6. Conclusions
In the paper the existence of linkages across stock markets has been assessed
considering several dimensions. Evidence of strong linkages across markets, as
measured by comovements in prices and returns and in volatility processes, has
been found. A single dominant factor can be found for the stock market prices and
returns for Germany, Japan, the US and the UK over the period 1973-2004, while
two global factors can be found for the volatility processes. Evidence of a trend
increase in the correlation coeﬃcients over time, explained by two dominant fac-
tors, and that the positive dependence of correlation on volatility is not spurious
and robust, holding for both bear and bull markets, has also been found. All the
above mentioned ﬁndings are coherent with the theoretical framework, enlighten-
ing the eﬀects of market integration on international stock markets. Moreover,
the linkages across stock markets seem to have in general grown stronger over
6Detailed results for the sub sample analysis are omitted for reasons of space. They are
available upon request to the authors.
18time, particularly for the US and Europe, while the heterogeneity detected for
Japan over the 1990s suggests that, over speciﬁc periods of time, local factors, i.e.
weak fundamentals, may still dominate the dynamics generated by globalization
and integration. While the results are still coherent with the evidence of three
separate geographic areas for international stock markets, i.e. Europe, the US and
the Paciﬁc Basin, it should be noted that the heterogeneity between Europe and
the US has steadily reduced over time and that the two markets are now strongly
integrated. In fact, the evidence points to a dominant factor accounting between
76% and 85% of returns variance and between 82% and 90% of volatility variance
for the two areas. It may also be expected that, as the Japanese economy will fully
accomplish its recovery, comovement with the Western markets will also recover
to the previous high levels. Among the implications of the results there is the
open question on whether the linkages detected across moments can be exploited
for improved forecasting of the variance-covariance matrix and of Value at Risk
and whether a structural interpretation of the common factors detected for the
various moments can be provided. These issues are left for further research.
7. Appendix: Monte Carlo results














where d = {0,0.1,0.2,0.3,0.4,1}, Σ = diag(σ,σ), σ = {2,1,0.5,0.25,0.125},
t =1 ,...,400. The number of replications (n) has been set to 20,000 for each case.
The performance of the estimator has been assessed with reference to the
ability of recovering the unobserved factor ft.T h e T h e i l i n e q u a l i t y c o e ﬃcient
(IC)a n dt h er o o tm e a ns q u a r ef o r e c a s te r r o r( RMSFE)h a v eb e e ne m p l o y e df o r
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RMSFE =



























ˆ fj,t and ˆ fj,t is the estimated unobserved factor at time t for
replication j.
The results of the Monte Carlo exercise are reported in Table 4.
Table 4: Monte Carlo results
σ 21 0 .50 .25 0.125
UI 0.27 0.10 0.03 0.01 0.00
RMSFE 0.43 0.18 0.06 0.01 0.00
The Table reports the Theil inequality coeﬃcient (IC)a n dt h er o o tm e a ns q u a r e
forecast error (RMSFE).
As is shown in the Table, the performance of the estimator is slightly negatively
aﬀected by the presence of noise, although the inequality coeﬃcient is very low also
for the worst case, which it is not expected to be relevant for realized processes.
In addition, the performance of the estimator tends to improve as the noise/signal
ratio falls, being extremely satisfactory in terms of inequality coeﬃcient also with
moderate noise aﬀecting the observed variables. Finally, the performance of the
estimator is not aﬀected by the order of integration of the series, since the results
are fully invariant to the order of integration assumed for the unobservable factor.7
Overall, the ﬁndings suggest that the principal components approach may be
usefully employed also in the case of long memory processes, being also robust to
the presence of moderate noise.
7In the Table only the results for d =0 .4 are reported, since no changes can be detected for
diﬀerent orders of integration.
20References
[1] Andersen, T.G., Bollerslev, T., Diebold, F.X. and Labys, P., 2001, The distri-
bution of realized exchange rate volatility, Journal of the American Statistical
Association, 96, 42-55.
[2] Ang, A. and Bekaert, G., 1999, International asset allocation with time vary-
ing correlations, 1999, NBER Working Paper, no.7056.
[3] Bai, J., 2003, Inferential theory for factor models of large dimensions, Econo-
metrica, 71(1), 135-171,
[4] Bai, J., 2004, Estimating cross-section common stochastic trends in nonsta-
tionary panel data, Journal of Econometrics, 122, 137-38.
[5] Bai, J., Ng, S., 2001, A panick attack on unit roots and cointegration, mimeo,
Boston College, NYU.
[6] Ball, C.A. and Torous, T.W 2000, Stochastic correlation across international
stock markets, Journal of Empirical Finance, 7, 373-388.
[7] Bagliano, F.C. and Morana, C., 2006, A global macroeconometric model for
the G7, mimeo, Università del Piemonte Orientale.
[8] Barndorﬀ- N i e l s e n ,O .a n dS h e p h a r d ,N . ,2 0 0 2 ,E c o n o m e t r i ca n a l y s i so fr e a l -
ized volatility and its use in estimating stochastic volatility models, Journal
of the Royal Statistical Society, Series B, 64, 253-280.
[9] Bekaert, G. and Harvey, C.R., 1995, Time-varying world market integration,
Journal of Finance, 50, 403-444.
[10] Bekaert, G., Hodrick, R.J, and Zhang, X., 2005, International stock return
comovements, mimeo, Columbia University.
[11] Beltratti, A. and Morana, C., 2006, Breaks and persistency: macroeconomic
causes of stock market volatility, in press, Journal of Econometrics.
[12] Bennet, P. and Kelleher, J., 1988, The international transmission of stock
price disruption in October 1987, Federal Reserve Bank of NY Quarterly
Review, 12, 17-33.
21[13] Bertero, E. and Mayer, C., 1990, Structure and performance: global inter-
dependence of stock markets around the crash of October 1987, European
Economic Review, 34, 1155-1180.
[14] Boyer, B.H., Gibson, M.S., and Loretan, M., 1999, Pitfalls in tests for
changes in correlations, Board of Governors of the Federal Reserve System,
International Finance Discussion Paper, no.597.
[15] Brooks, R. and Del Negro, M., 2004, The rise in comovement across na-
tional stock markets: market integration or IT bubble?, Journal of Empirical
Finance, 11, 659-680.
[16] Canova, F. and de Nicolò, G., 2003, On the sources of businnes cycle in the
G-7, Journal of International Economics, 59, 77-100.
[17] Engle, R.F. and Susmel, R., 1993, Common volatility in international equity
markets, Journal of Business and Economic Statistics, 11(2), 167-176.
[18] Forbes, K. and Rigobon, R., 1999, No contagion, only interdependence: mea-
suring stock markets comovements, NBER Working Paper, no. 7267.
[19] Groenen, P.J.F. and Franses, P.H., 2000, Visualizing time-varying correla-
tions across stock markets, Journal of Empirical Finance, 7, 155-172.
[20] Karoly, G.A. and Stulz, R.M., Why do markets move together. An investi-
gation of U.S.-Japan stock returns comovements, Journal of Finance, 51(3),
951-986.
[21] King, M., Sentana, E and Wadhwani, S, 1994, Volatility and links between
national stock markets, Econometrica, 62, 901-934.
[22] Kose, M.A., Otrok, C. and Whiteman, C.H., in press, International businnes
cycles: world, regions and country-speciﬁc factors, American Economic Re-
view.
[23] Longin, F. and Solnik, B., 1995, Is the correlation in international equity
returns constant: 1960-1990?, Journal of International Money and Finance,
14(1), 3-26.
[24] Longin, F. and Solnik, B., 2000, Extreme correlation of international equity
markets, CEPR Discussion Paper, no. 2538.
22[25] Merton, R.C., 1973, An intertemporal capital asset pricing model, Econo-
metrica, 41, 867-887.
[26] Morana, C., 2005, The Japanese Deﬂation: Has It Had Real Eﬀects? Could
It Have Been Avoided?, Applied Economics, 37, 1337-1352.
[27] Morana, C. and Beltratti, A, 2002, The Eﬀects of the introduction of the
euro on the volatility of European stock markets, Journal of Banking and
Finance, 26(10), 2047-2064.
[28] Pesaran, M.H., Schuerman T. and Weiner, S.M., 2004, Modelling regional
interdependencies using a global error correcting macroeconometric model,
Journal of Businnes and Economic Statistics, 22, 129-162.
[29] Phylaktis, K. and Ravazzolo, F., 2002, Measuring ﬁnancial and economic
integration with equity prices in emerging countries, Journal of International
Money and Finance, 21, 879-904.
[30] Ramchand, L. and Susmel, R., 1998, Volatility and cross correlation across
major stock markets, Journal of Empirical Finance, 5(4), 397-416.
[31] Rockinger, M. and Jondeau, E., 2001, Conditional dependency of ﬁnancial
series: an application of copulas, Working Paper Banque de France, NER#82.
[32] Ronn, E.I, A. Sayrak and Tompaidis, S., 2000, The impact of large changes
in asset prices on intra market correlations in the domestic and international
markets, manuscript, University of Texas at Austin.
[33] Solnik, B., Boucrelle, C. and Le Fur, Y., 1996, International market correla-
tion and volatility, Financial Analysts Journal, September/October, 17-34.
[34] Von Furstenberg, G.M. and Jeon, B.N., 1989, International stock prices move-
ments: links and messages, Brookings Papers on Economic Activity, 1, 125-
179.
23Table 1: Returns and realized log variances
P a n e lA :R e t u r n s






f1 f2 f3 f4
0.604 0.177 0.138 0.080
0.611 0.003 0.370 0.017
0.377 0.602 0.019 0.001
0.653 0.021 0.001 0.325






f1 f2 f3 f4
0.663 0.147 0.109 0.081
0.244 0.138 0.334 0.284
0.223 0.263 0.171 0.343
0.463 0.310 0.220 0.008
0.938 0.062 0.000 0.000






f1 f2 f3 f4
0.610 0.200 0.140 0.050
0.600 0.100 0.300 0.000
0.520 0.478 0.002 0.000
0.626 0.068 0.125 0.181






f1 f2 f3 f4
0.681 0.210 0.070 0.040
0.853 0.063 0.081 0.003
0.355 0.644 0.001 0.000
0.758 0.018 0.168 0.057
0.764 0.032 0.042 0.163
Panel B: realized log variances










f1 f2 f3 f4
0.598 0.228 0.108 0.065
0.759 0.001 0.218 0.021
0.601 0.340 0.059 0.000
0.599 0.185 0.001 0.215










f1 f2 f3 f4
0.549 0.213 0.139 0.099
0.517 0.045 0.141 0.296
0.600 0.377 0.023 0.000
0.543 0.031 0.230 0.197
0.513 0.275 0.210 0.002










f1 f2 f3 f4
0.599 0.245 0.105 0.050
0.598 0.275 0.126 0.001
0.600 0.388 0.011 0.001
0.594 0.096 0.191 0.118










f1 f2 f3 f4
0.781 0.124 0.066 0.029
0.895 0.003 0.056 0.045
0.413 0.572 0.015 0.000
0.819 0.053 0.128 0.000
0.886 0.004 0.042 0.068
The table reports the percentage of variance accounted by each factor. TOT
refers to total variance, ri refers to the ith return, lnσ2
i refers to to the ith log
variance process. Hence, entry (1,2) in Panel A is the proportion of total
variance explained by the ﬁrst factor, while entry (2,1) is the proportion of
variance of the returns for Germany explained by the ﬁrst factor.















f1 f2 f3 f4 f5 f6
0.418 0.192 0.117 0.103 0.088 0.081
0.508 0.096 0.081 0.010 0.264 0.041
0.457 0.153 0.148 0.033 0.001 0.209
0.445 0.294 0.000 0.138 0.048 0.075
0.363 0.247 0.028 0.138 0.173 0.051
0.395 0.248 0.138 0.111 0.008 0.100















f1 f2 f3 f4 f5 f6
0.329 0.172 0.167 0.127 0.113 0.093
0.411 0.116 0.002 0.346 0.040 0.084
0.381 0.171 0.138 0.000 0.085 0.224
0.490 0.027 0.027 0.287 0.042 0.126
0.268 0.108 0.225 0.053 0.343 0.004
0.211 0.575 0.009 0.061 0.142 0.003















f1 f2 f3 f4 f5 f6
0.387 0.191 0.141 0.117 0.088 0.077
0.582 0.001 0.117 0.033 0.265 0.001
0.303 0.224 0.061 0.240 0.041 0.132
0.297 0.479 0.089 0.040 0.012 0.084
0.411 0.203 0.109 0.053 0.061 0.162
0.501 0.144 0.050 0.153 0.069 0.083















f1 f2 f3 f4 f5 f6
0.497 0.241 0.104 0.071 0.047 0.040
0.763 0.087 0.000 0.003 0.059 0.087
0.258 0.521 0.019 0.098 0.062 0.041
0.105 0.363 0.199 0.312 0.021 0.001
0.649 0.051 0.203 0.069 0.005 0.023
0.689 0.066 0.171 0.025 0.030 0.019
0.228 0.567 0.017 0.002 0.122 0.063
25The table reports the percentage of variance accounted by each factor. TOT
refers to total variance, ρi
j refers to the jith correlation process. Hence, entry
(1,2) in the table is the proportion of total variance explained by the ﬁrst factor,
while entry (2,1) is the proportion of variance of the realized correlation between
returns for Germany and Japan explained by the ﬁrst factor.
26Table 3: Realized log variances and correlations











































































The table reports the percentage of variance accounted by each factor. TOT
refers to total variance, lnσ2
i refers to the ith log variance process and ρi
j to the
jith correlation process. Hence, entry (1,2) in the table is the proportion of
total variance explained by the ﬁrst factor, while entry (2,1) is the proportion of
variance of the realized log variance for Germany explained by the ﬁrst factor.
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Figure 1: Plots 1-2: realised correlations, ﬁrst and second factor (fi) with spline
interpolator. Plots 3-8: smoothed realised correlations (Cij)a n dv o l a t i l i t y
factors (Fij).
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